We report magnetic circular dichroism (MCD) spectra of 4-Fe iron-sulfur clusters in the iron-sulfur proteins Chromatium high-potential iron protein (HIPIP) show that:
ural circular dichroism spectroscopy. We report measurements of the magnetic circular dichroism (MCD) (1) of iron-sulfur proteins (2) containing 4-Fe ironsulfur clusters, [Fe4S4(SR)4]n-(SR = protein-bound cysteine). Our results (see ref. 3 for more details of these and other studies)
show that:
(i) MCD is measurable throughout the near-infrared-visible-ultraviolet spectral range (2000-300 nm) in all three accessible oxidation states (n = 1, 2, 3; henceforth referred to as C'-, C2-, and C3-).
(ii) Like the absorption spectra, but unlike the natural circular dichroism (CD) spectra, the MCD spectrum is characteristic of the cluster oxidation state and insensitive to the specific protein to which the cluster is bound. Unlike the absorption spectra, but like the natural CD spectra, the MCD spectrum exhibits appreciably structured features.
(iii) The MCD spectra of the 4-Fe clusters are distinguishable from those of the 2-Fe clusters [Fe2S2(SR)4]n-(n = 2, 3).
(iv) MCD is usable for the differentiation of 2-Fe and 4-Fe iron-sulfur clusters in iron-sulfur proteins.
MCD measurements are reported for the iron-sulfur proteins Chromatium high-potential iron protein (HIPIP), Bacillus stearothermophilus ferredoxin (Bs ferredoxin), and Clostridium pasteurianum ferredoxin (Cp ferredoxin). In HIPIP the single cluster was studied in the C'-and C2-oxidation states.
In Bs ferredoxin, which contains a single cluster, and in Cp ferredoxin, which contains two clusters, the C2-and C3-oxidation states were studied. All measurements were made on aqueous solutions at room temperature; experiments in the near-infrared required substitution of 2H20 for H20. Oxidation of reduced HIPIP was carried out by using K3Fe(CN)6. Oxidized Bs and Cp ferredoxins were reduced with Na2S204. Reduced Bs and Cp ferredoxins were handled anaerobically. MCD was measured by using a Cary 61 and an infrared CD instrument described previously (4, 5) and at magnetic fields of approximately 40 kilogauss (1 G = 10-4 T). Natural CD spectra (3) Madison, WI. 1 1 In addition to the well-known "390" band, all C2-state proteins exhibit a variably resolved peak at -v9600 cm-' (-u1050 nm); this band has been previously reported (6) (11) . In the reduced clusters, the CD (11) shows that electronic transitions exist to well below 5000 cm-1; the lack of observation of MCD here is due to the small magnitude of the MCD anisotropy ratio.
The MCD data obtained thus far demonstrate that MCD combines the protein-insensitivity of absorption spectroscopy with the more featured aspect of CD. MCD thus appears to offer a superior alternative to either of the more traditional electronic spectroscopic techniques in the characterization of iron-sulfur cluster type and oxidation state in iron-sulfur proteins.
Many other spectroscopic techniques have been applied to the study of iron-sulfur proteins (2), particularly electron paramagnetic resonance, Mbssbauer, proton NMR, and resonance Raman techniques. In addition, a powerful chemical technique for the characterization of iron-sulfur clusters, utilizing the extrusion of identifiable iron-sulfur clusters from the host protein, has recently been developed (12) . At Proc. Natl. Acad. Sci. USA 75 (1978) 
